Aim: To assess whether mild and severe Class II division 1 subjects have craniofacial and upper airway characteristics, which relate to the severity of Class II as judged by overjet or ANB angle.
Introduction
Class II malocclusion with a particularly high prevalence (20-30%) in Caucasian populations (1-4) is a common orthodontic problem. Therefore its characteristics have been widely discussed in the literature (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . It is also evident that there is large interindividual variation in terms of craniofacial and dental morphology as well as severity of the Class II malocclusion (12, 13) .
A retrognathic mandible (9, (23) (24) (25) (26) (27) (28) because of deficient sagittal mandibular displacement (29) (30) (31) has been found to be an important trait in Class II occlusal development. Comparison of subjects with Class II malocclusion versus Class I occlusion, revealed an increased mandibular plane angle (30) , smaller mandibular size (31) and increased vertical dimension (32) and face height (27) as typical features for Class II malocclusion.
The extent of sagittal discrepancy defines the severity of Class II malocclusion.
Several parameters are used to assess the degree of deviation from the norm of skeletal, dental or the combination of both components. One of the measurements defining the severity is the overjet. In most orthodontic indices of treatment need or outcome, the overjet is considered as a major determinant of malocclusion severity (33) (34) (35) (36) (37) . The general assumption is that the larger the overjet, the more severe a Class II would be and therefore also the need for orthodontic treatment more urgent. This assumption is supported by publications reporting an increased risk for upper incisor trauma with an increase in overjet (38, 39) . The severity of the Class II also has an important influence on the treatment plan. It has been suggested that in subjects with an overjet greater than 10 mm, surgery may be the more successful treatment option than functional appliance treatment (40) . Also in the widely used Index of Orthodontic Treatment Need (IOTN) (35) subjects with more than 9 mm overjet belong to the group with "very great" treatment need for orthodontic treatment (Grade 5). In the PAR index the overjet is also highly weighted (36, 37) , but at the same time this index is for that reason particularly criticized (41) . Difficulties in treatment do not only arise from a large overjet. Skeletal sagittal and vertical relationship, amount and direction of the remaining growth and inclination of the incisors usually play an important role in determining the complexity of treatment. From a skeletal perspective, the ANB angle is commonly used to describe Class II severity, even though points A and B are to some degree affected by incisor position (42).
Obstructive sleep apnoea patients with small pharyngeal airways tend to having features typical for Class II subjects, that is a short and retrognathic mandible (43) and sagittal discrepancy between the maxilla and mandible (44) . Possible relationship between the severity of Class II and airway size, however, has not been adequately studied.
The aims of the present study were 1) to assess whether Class II division 1 subjects have other typical craniofacial characteristics, which relate to the severity of Class II as judged by overjet or ANB angle, 2) to study whether airway size correlates with Class II severity, 3) to study correlations in general between the skeletal, dental and airway measurements in the sagittal and vertical dimension.
Material and Methods

Material
The material consisted of pre-treatment lateral cephalograms, hand-wrist radiographs and dental casts. Inclusion criteria were: healthy subjects,
Caucasian ethnicity, at least
Class II first molar relationships on both sides (cusp-to-cusp cases were not included) and at least 4 mm overjet. 
Methods
Lateral cephalograms had been taken with teeth in centric occlusion (CO) and
with the Frankfort horizontal plane parallel to the floor. The position of the head was defined by ear rods and with a nasal support preventing the head from rotating during exposure. The focus-coronal plane distance was 200 cm, filmcoronal plane distance was 15 cm and the enlargement was 7.5%. Only cephalograms of good quality were included.
The cephalogramms were hand-traced using a 0.5 mm lead on a 0.10 mm matte acetate tracing paper and then the landmarks were constructed ( Figure   1 ) according to the definitions (Table 1) Table 2 .
The overjet and overbite were assessed on dental casts with an accuracy of 0.5 mm. In addition to the chronological age, the skeletal age was evaluated 7 according to Greulich and Pyle (45) on hand-wrist radiographs. The skeletal age was assessed to eliminate bias caused by variation in growth timing. 
Error of method
To assess the method error 31 randomly selected lateral radiographs were retraced again by the same person (JB In order to analyse the degree of association between two continuous variables, scatterplots and Pearson's Rank Correlation analysis were used. Results having a P value below 0.05 were considered statistically significant.
Pre-hoc power analysis
The purpose of the pre-hoc power analysis was to test the null hypothesis that the correlation in the population is 0.00 while the significance for clinical relevance has been set at 0.05. With the current sample size of 246 the study has power of 95 % to yield a statistically significant correlation with a correlation coefficient of at least 0.230 (95 % CI 0.134-0.685). 
Linear skeletal measurements
Sagittal linear measurements
A-NPg S-N Go-Pg Go-Me S-Ba Ar-Gn Spp-A Spa-Spp
Vertical linear measurements
S-Go N-M Ar-Go % S-Go:N-M
Angular and linear dentoskeletal measurements
Angular measurements
+1/FH +1/SpaSpp -1/FH -1/MGo +1/-1 Linear measurements +1-NA -1-NB Pg-NB H-Diff
Airway measurements (linear measurements)
p
The shortest distance between the soft palate and the posterior pharyngeal wall t
The shortest distance between the tongue and the posterior pharyngeal wall
Results
Repeatability
Repeatability study for lateral cephalometric measurements revealed the mean Interclass Correlation Coefficient to be 98.1 % (median 99.4 %, range 94.4 % -99.9 %), which indicates excellent repeatability of measurements. Table 3 and 4 relate to comparison of the two overjet and ANB groups.
Correlation Analysis
Statistically significant differences for +1/SpaSpp, -1/MGo and Spa-Spp were found between the overjet groups. Significant differences for SNA, WITS, Go-Pg, SpaSpp/MGo, SN/MGo and Ar-Gn were detected between the ANB groups.
No differences were found concerning the overjet or SNB for the different ANB severity groups. The same was true for ANB or SNB in the different overjet severity groups. For the airway measurements, the only significant correlation for the distance 
Figure B
Scatterplots of the correlation between SN/MGo and sagittal, vertical and dental measurements. 
Discussion
Due to the high prevalence of Class II division 1 malocclusion, its characteristics are extensively discussed in the literature. Cross-sectional studies usually compare Class II individuals to either a group with Class I occlusion, or to existing cephalometric standards but not to cases differing for Class II severity (5) (6) (7) (8) (10) (11) (12) . Therefore, the aim was to study whether overjet or ANB angle really allow for differentiation as to the severity of Class II in individuals with malocclusion.
It was found that the primary statistically significant difference between Class II patients with a large overjet ( 10 mm) as compared to patients with a small overjet lay in their incisor inclination. Remarkably, the only statistically significant skeletal difference was the length of the upper jaw. Therefore it seems that the overjet is rather determined by the function of the soft tissue or by individual tooth position than by the underlying skeleton. Lower lip interposition under the upper incisors, often in combination with forced lip closure and a deep labiomental fold, is a common finding in Class II malocclusion subjects with increased overjet (50) . For example, one might presume that lower lip interposition between the upper and lower incisors, or lower lip sucking habits were more frequent in the large overjet group than in the smaller overjet group. Such lip pressure leads to more proclined upper incisors and retroclined lower incisors, thereby increasing the overjet beyond the underlying skeletal discrepancy (46, 47) .
Concerning differences between the ANB groups (< 7 ° / 7 °) as expected the SNA angle was significantly greater in the group with the higher Class II severity. This difference in SNA can also be partially explained by the degree of the upper incisor inclination since the position of point A can be altered to some extent by the position of the roots of the upper first incisors (42, 48) .
Surprisingly, there was no difference regarding SNB in our sample. There were however significant differences in the configuration and length of the lower jaw.
As expected, the SNB angle is an important discriminator between various degrees of class II severity in other studies (21) . In this sample, dental inclination and soft tissue function obviously played a more important role, probably because the files represented different degrees of Class II severity with a wide range of overjet according to plaster models, rather than different skeletal patterns on lateral radiographs.
In the present sample there was a statistically significant correlation between the gonial angle (MGo/Ar) and the length of the horizontal (Go-Pg) and the vertical (Go-Ar) part of the mandible. A large gonial angle (MGo/Ar) correlates with a smaller horizontal and vertical dimension of the mandibular body and with a wider angle between SpaSpp/MGo.
Correlations to the measured minimal airway distances were in general quite weak. Contrary to expectation, correlations to SNA, SNB, ANB, overjet or any vertical dimension could not be found. However, there was a tendency in retrognatic patients towards smaller airway dimensions. One explanation might be that not the absolute length of the jaws but rather their position relative to the cranial base might be important for the size of the airway. Therefore it is not surprising that a negative correlation for SN/Ar was not only found for the SNA and SNB angle, but also for the upper airway dimension.
However, in general it seems that the size of the airway shows wide interindividual variation and is generally quite independent of the skeletal parameters. An explanation for this could be that among individuals with a small airway there is an overlapping between those that have a small airway because of their abnormal skeletal structure and those that have normal craniofacial structures but are obese, have excessive soft tissue thickness or reduced airway dilator muscle activity (49) .
The group with higher ANB values had a more vertical skeletal pattern. In our sample the intermaxillary divergence (SpaSpp/MGo) correlates statistically significant with SNA, SNB and SN/Pg angles and to a lesser degree but also statistically significant with the ANB angle. This would be logical if we assume only a certain measure of growth potential for the upper and lower jaw. An A statistically significant negative correlation was found between the angle SpaSpp/MGo and the overbite. Contrary to the statistically significant correlation between the Overbite and the intermaxillary divergence (SpaSpp/MGo), the overjet and the ANB angle did not show a statistically significant correlation.
Conclusion
Overjet, often the first clinical impression of Class II severity, is not necessarily an adequate parameter for determining the true (skeletal) severity of a Class II malocclusion. The overjet is more likely to be influenced by functional factors such as the lips or tongue than by skeletal factors.
In general, the difference between low severity and high severity Class II patients and their treatment challenges is revealed far more accurately by the gonial angle of the mandible, the vertical dimension, growth pattern and the position of the jaws in relation to the cranial base than by the overjet.
